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The method of images is employed to insert the effects of the presence of a single lateral boundary
on contrast functions previously derived for an infinite slab using a random walk model of photon
transport. The predictions of the model for zero and extrapolated boundary conditions are compared
with Monte Carlo(MC) simulations and with experimental results obtained using a homogenous
phantom with tissue-like optical properties. As expected, the extrapolated boundary condition
yields better agreement between the theoretical predictions and results obtained from MC and
experiments. This indicates that the random walk model has potential as a forward model in
iterative imaging schemes developed for optical tomography.1999 American Association of
Physicists in Medicing.S0094-24089)01709-5
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[. INTRODUCTION a finite set of measurements of transmitted light between
epairs of points on the surface of an object is sufficient to
¥econstruct an arbitrary three-dimensioifaD) distribution
decaded3 The different absorption characteristics of oxy- of internal scatterers and absorbers. U_nfortunately, Fhe_ use of
. . tge Radon transform and backprojection methods is invalid
and deoxy-haemoglobin enable measurements of transm|tt(? - L .
or all but a limited and largely trivial set of circumstances.

light at certain NIR wavelengths to yield important clinical Theref . tigators h ht | soluti
information related to tissue function. Naturally, researchers erefore, some Investigators have sougnt a generai solution

working in this field have become increasingly interested inof the inverse problem by attempting to recover the param-

localizing the region of tissue under examination, and the®t€rs describing an appropriate model of photon transport by
development of a generalized optical imaging technique i£0MParing its predictions with the measured data. The model
currently receiving considerable attention in the biomedicafM@ then be adjusted subsequently in an iterative fashion
optics community ¢ However, optical tomography is a very untll_acceptab!e _correspondencg is achieved. This approach
difficult problem. Unlike the forms of ionizing radiation em- requires two distinct component$) a forward model which
ployed by current medical imaging methods such as CT¢an generate a set of reliable measurements from a given
SPECT, and PET optical radiation is scattered profusely innternal 2D or 3D distribution of scattering and absorbing
tissue. A collimated beam of light can only propagate a mil-Parameters, ani) a scheme for adjusting the parameters of
limeter or so through most tissues before the initial directionthe forward model based on a minimization of the error be-
ality of the beam is completely lost. The predominance oftween the model predictions and the experimental data. The
scatter ensures that absolute measurements of transmitted |atter component can be approached in a number of ways, as
tensity across several centimeters of tissue are much mofgcently reviewed by Arridge and Hebd&aithough meth-
strongly influenced by photon interactions at the surface thafds may vary in terms of speed of computation, reconstruc-
by the specific optical properties of localized regions deepetion is more critically dependent on the accuracy of the for-
within the tissue. As a result, continuous waee) imaging ward model than on the error minimization scheme. A
systems developed commercially in the past demonstratedariety of theories and models for light transport in tissue
very poor spatial resolution and contrdsthich motivated have been exploretiBy far the most flexible in terms of
researchers to investigate measurements with a greater inforodeling arbitrarily complex objects are Monte Carlo
mation content. Specifically, researchers have explored thmethods’~*' However, the substantial computation required
potential of time and frequency domain measureménfs.  in order to obtain adequate statistics prohibits their use in
The assumption that underlies optical tomography is thaiterative reconstruction schemes. Computation time can be

Near-infraredNIR) spectroscopy has demonstrated valuabl
contributions to medical diagnosis over the past couple o
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reduced significantly by employing deterministic models, oflattice units thick, bounded by planeszt 0 andz=N, and
which the most general is the numerical solution of the rathe absence of lateral boundaries implies that coordinates
diative transfer equatiot:'® Further reduction of the com- andy can assume all integer values frofm to «. Each
putation time can be achieved by the diffusion approxima{photon enters the medium at a poigtand exits at point
tion to the radiative transfer equatiGhAnother alternative = (x,y,N) aftern steps.
is a random-walk model, in which the tissue is represented Letp,(r,rp) be the probability that a photon injectedrgt
by a simple cubic lattice and photons move randomly beat n=0 is atr after stepn. In the earlier analysis for an
tween adjacent lattice points. A relatively straightforwardinfinite slab?’ the joint probability was derived that a photon
mathematical analysis of random w&ik®yields a powerful  transmitted through the slab emerges at a horizontal phift
description of photon migration. When photon motion occurs(expressed in lattice unjtdrom the point of insertion. As-
with each of the lattice directions having equal probability,suming the source is located at poigt=(0,0,0), the prob-
random walk can, in some sense, be considered to be equivability of detecting a photon at the exit point (p,0N) is
lent to a finite difference approximation of the diffusion given by
equation but gives the possibility to obtain simple analytical
formulas describing photon propagation in many practicallyp (r,0)=p,(p,0N,0)
important casegsee, e.g., review of Ref. 16

Recent achievements of the random walk the@WT) B V3 312 3p®
developed at the National Institutes of HealMiH) include = (2mn) rexg —un— o
demonstrations of its ability to accurately model the time-

resolved transmittance across uniform slabs of tissue, as well «S [ex;{  3[(2k+1)N-— 2]2}

as slabs containing isolated targets of different scattering or K=o 2n

absorbing properties~1° Many predictions of RWT have )

been confirmed using time-resolved measurements on suit- —ex;{— 3[(2k+1)N] H 1)
able slab phantoms with tissue-like optical properties. Re- 2n '

cently, a methodology was developed which facilitates an

accurate quantification of the optical properties and the crosghereu describes the loss of photo(jger lattice unit due to
section of abnormally scattering and/or absorbing tarfets. absorption.

This methodology is based on the derivation of time- We now seek to redefinp,(r,0) as p,(r,0,R) for the
dependent contrast functions. However, the model have agase of a lateral boundary situated at a distaRztice units
sumed media consisting of infinite slabs, and it has beefrom the source. The geometry of corresponding experimen-
necessary to compare its predictions with data recordethl setup is presented in Fig.(abnormally absorbing and/or
along lines of sight sufficiently far from lateral boundaries of scattering target inside the slab, analyzed below in Sec. II B
phantoms. It has generally been assumed that sufficient iig also showh For simplicity, we assume that the two lateral
this case implies a distance from the boundary of at least halfoundaries are far enough from each other that photon tra-
the thickness of the slab. If RWT is to be developed into arjectories are perturbed only by one of these boundaries. Al-
effective forward model for optical tomography it is essentialthough the resulting expressions would be quite complicated,
that it be adaptable to realistic finite tissue geometries. In @he mathematical construct for the presence of both lateral
significant step towards this goal we present an attempt tboundaries is a straightforward extension of the analysis be-
model the effects of a plane lateral boundary on the contragbw. In fact, it is similar to transition from the propagator in
functions obtained from time-resolved measurements ofhe semi-infinite space to the propagator in the infinite rect-
transmitted intensity. Effects of a single lateral boundary areangular slab that can be presented as an infinite series in
inserted to the two pertinent quantities needed for the comterms of the free space propagatttghus, the result for the
putation of the contrast functions. Namely, the time of flightslab with two lateral boundaries can be reduced to an infinite
expression for an homogeneous slab, and the expression séries of the infinite slab propagators.

the point spread functiofPSH. The predictions of the The standard technique to take into account the presence
model are compared with those of Monte Carlo simulationsof a boundary is the method of imag&sin which some
and with the results of an experiment performed on a tissueimaginary sources are added to the real one in order to pro-

like slab. vide the fulfilment of the necessary boundary conditions.
Three types of these conditions were suggested for the case
II. RANDOM WALK MODEL of absorbing plane boundary in the literature, i.e., “zero

boundary”, “extrapolated boundary,” and “partial current
boundary.’?2=2’The first two of them suggest zero fluence at
some plane. For the “zero boundary” condition, this zero-
The application of RWT to a homogenous slab of tissuefluence plane is the boundary plane itself. For the “extrapo-
without lateral boundaries is described in detail by Gandjbatated boundary” condition, it is the plane parallel to the
khcheet all’ Photon position and flight time are described boundary but shifted outward from the scattering medium.
in terms of dimensionless coordinatesy(,z) and the num- Magnitude of this shifd, depends on the reflective proper-
ber of steps respectively. The slab is considered to We ties of the boundary and scattering coefficient of the

A. Time-of-flight probability for a slab with a side
boundary
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Fic. 1. Geometric scheme assumed for theoretical model, Monte Carlo simulations and corresponding experimental setup.

medium?223 For totally absorbing boundargno refraction ary in the lattice units. The sign in the r.h.s. of HE) is

index mismatch it is shown in the papét that “+" only for the perfectly reflecting boundary, when the
de=0.71/¢. In the RWT framework, it is reasonable to es- image source is positive.
timated, as a half of the lattice ste@xiting photon leaves In accordance with Fig. 1, the sign convention fas the

the boundary lattice point and disappears, being absorbddllowing: p is positive if the source is closer to the side
halfway to the next{external lattice poinj that gives similar  boundary than the detector and negative otherwise.
resultde=(y2u.) "*=0.71ju. . The so-called “partial cur- Before taking the analysis any further, we will first con-
rent” boundary condition deals with both the flux and flu- vert each of the dimensionless parameters in the model to
ence at the physical boundary of the scattering medium. It iseal physical variables. The propagation of light through tis-
shown to give very close results to the “extrapolated boundsue can be described in terms of four fundamental character-
ary” condition?? These results proved to be more accuratestics: the refractive index, the absorption coefficignt, the
than given by the application of the simple “zero boundary” scatter coefficienjus, and the scatter anisotropy factgr
condition. However, over distances of a few millimeters or greater,

Thus, the effect of an absorbing plane boundary may bghoton transport can be conveniently described in terms of
reproduced by placing a negative source beyond the slab. Ttbe transport scatter coefficiept, = us(1—g). This param-
provide the “zero boundary” condition, the position of this eter can be considered as the scatter coefficient for isotropic
source should be symmetrical to the position of the reabcattering in the medium. It can be shown that the appropri-
source relative to the boundary plane. Similarly, to provideate transformations aré:
the “extrapolated boundary” condition, the image and the
real sources should be symmetrical relative to the “extrapo- u ! /

i a ’ S

lated boundary” plane. It should be noted that for a perfectly w— —, n—ulCAt, r—r E p—d

reflecting boundary, the corresponding image source is posi- Ks V2
tive, and it is positioned symmetrically relative to boundary (©)
plane to provide zero flux through the bound&ty. w —ul

Applying the method of images to the quantity(r,0,R), NHTE +1, RHREa

the new expression for the detection probability in the pres-

ence of lateral boundary can be calculated as follows: wherec is the speed of light in the mediufmm/pg, At is

Pn(r,0,R)=pn(r,0)+ py(r.r'), (2)  the excess photon transit tinfes), r is the distance variable
(mm), R is the distance between the source and the side
wherer’=(—2R—p,0N) for the “zero boundary” condi- poundary(mm), d is the horizontal displacement between the
tion or r'=(-2(R+d¢)—p,0N) for the “extrapolated source and the detectémm), andT is the thickness of the
boundary” condition,d, is the mentioned above shift of the slab(mm). By replacing all these quantities in Edq4) and
extrapolated boundary plane relative to the physical bound2), it can be shown that the time-of-flight probability
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Fic. 2. Contrast correction due to the side boundagditive component Fic. 3. Dependence of the ratidW,,/W,, on the distance from the side
boundary resulted in the multiplicative component of the contrast correction.

T)At(d,T,E) with the presence of a side boundary under an
assumption of the “zero boundary” condition is given by
3,u,éd2

flight measurements to detect anomalously absorbing or dif-
Pai(d, T,R)= pAt(dvT)eX4 ~ AcAt

fusing targets embedded in an otherwise uniform medium. A
quantity known as the time dependent contrast was defined
= o o as the normalized difference between transmitted fluxes in
o | 1_@(4 _ 3pg[(2R+d)"—d ]H @ the absence and presence of the target. The contrast functions

AcAt for absorbing and diffusing targets are approximated respec-

wherep,(d,T) = pa(F,0), F=(d,0T). tively by:

In the specific case that the source and detector are W(S,r,ro)ns1
aligned on axis =0), Eq.(4) becomes CalliToM =7 —5 73— ®)

. — 3ulR? W(s,,ro)n—W(S,I,ro)

— _ _ 1510 151 0/n—1
Pat(0.T,R)=par(0,T)| 1 exp( CAt ” (5) Cp(r,ro,n)=~(Anp) p:(r D =, 9)
n H

As expected, the probability approaches that for an inﬁmt?/vhereW(sr,rO)n is the probability that a photon, after en-
slab for very large values &, and falls to zero as the source tering the slab atr, visits the site of the target as
approaches the side boundaf0). From Eq.(5) itisa  —(s; s, s,) and is detected at at stepn. The constantsy
straightforward matter to calculate the total transmitted IN-and(Anp) are quantities related to the optical properties and
tensityl (R) and the mean flight tim@At)(R), as a function  the size of the targéf. The functionsC, andCp are known

of the boundary distance as follows: as the absorptive and diffusion contrast functions, respec-
o x o tively.
ICV\,(R)zf d(A)PA(T,R), (6) To obtain expressions for the contrast functions in the
0 presence of a side boundary, the quantys,r,r),, needs
— [Zd(ADAt(T.R) tq be modified. From the previous analy&iSN(s,r,r), is
(A)(R)= (1) given by

Jod(APA(T,R)

It is evident that, for the “extrapolated boundary” condition, W(s,r,ro)n:E Pi(r,9Pn_1(Sro)
R in r.h.s. of Egs.(4)—(7) should be replaced bR+d,. 1=0

n

Presented above expressions fgf(R) and (At)(R) are 9 o

::I?mpared with numerical and experimental results in Sec. :Wk;w m;_m {Fula_(k),B_(m,p)]

+Fala(k),B+(m,p)]

_F k M- 1
Previous studies described in detail elsewh&?&have la+ (k). B-(m.p)]
employed RWT to determine the ability of optical time-of- —Fila_(k),B.(m,p)]}, (10

B. Time-dependent contrast functions
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Fic. 4. (8)—(f) Curves of the cw intensity near the side boundary k0.5, and 1.0 mm?, u,=0.0, 0.003, and 0.005 mm, respectively-comparison of
the RWM estimates with the results of the Monte Carlo simulations.

where resents the algebraic sum of four functions corresponding to
1 1 (a+b)> the four combinations of the real source, the detector and
Foab)=|=+=|exg — ——— their images:
me a b n |
o= (K) = {3[ ST+ (s3+ 2kN=1)?]} 272, Wyi(x1,0%3,d,T,R)

B (K)={2[(p—$1)%+ (N— 5+ 2kN= 1)2]} 12 =W, (X1,0X3,d, T)+W,;(2R" +x4,0X3,d+2R’,T)

For simplicity, we have assumed that the target is located in ~ War(X1,0%3,d+2R", T) = Wy (2R +%,,0%3,d,T),

the same planey=0) as the horizontal displacement be- (17

tween the source and detector, such g¥afs;,0,s;). Again o o

one can replace the dimensionless parameters in(H). where R’=R for the “zero boundary” conditionR’'=R

with the physical variables as defined in E§). +d, for the “extrapolated boundary” condition, and the pa-
By employing the method of images once agisimilar  rametersx;, x,=0, andx; are the actual coordinates of the

to Eqg. (2)] to modify probabilitiesp,(r,s) andp,_(s,rg) in target expressed in millimeters.

the Eq.(10) for the case of the absorbing lateral boundary, It will be shown in Sec. Il that the “extrapolated bound-

we obtain an expression fa¥,(x,,0x3,d, T,R) which rep-  ary” condition gives the more accurate description of the
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-5.25 = In the case of a rectangular slab with a lateral boundary,

] r new expressions for the time-dependent contrast functions
are derived by inserting expressions foK(d,T,R) and
Wa(X1,0X3,d,T,R) into Egs.(8) and(9). For a target that is
weakly absorbing, we obtain

EA(XlaO,Xs ,d, T,R)At=Ca(X1,0X3,d,T)a¢
AW,((X1,0%3,d,T,R)

|1 WAI(XlionSIdIT)
I h - Monte Carlo (4t ,,=4000 ps, T - —
650 L/ =10 mm’, 1.=0.003mm™) | T Par(d,T) —Pa(d, T,R) 13
T —— RWT, “extrapolated boundary", | T Pai(d,T) ’
Tk d,=0.71 mm T
675 L —— - RWT, "zero boundary", + Note that the last term in the r.h.s. of the Ej3) (additive
I Go=0 mm I correction termy which is also the most significant, does not
+7.00 Tttt depend on the position of the target but only on the positions
0 10 20 30 40 50 60 of the source and detector relative to the side boundary. The
distance A (mm) behavior of this term is illustrated by Fig. 2 for the case of a
550 : I : = I : slab of thicknessT=40mm, and optical propertieg..,

T =1.0mm ! and refractive index of 1.0. Note that neither of

I T the correction terms have dependence up@n The hori-
zontal axis is the distand® between the boundary and the
source-detector axis. Two values of time delyhave been
selected, equal to 750 and 2500 ps. The dependence of the
ratio AW, /Wy, [in parenthesis in Eq13)] on the distance
from the side boundarR is illustrated in Fig. 3 for the same
slab geometry and properties, and for a target located in the
midplane of the slab at the distancg=x;+ R from the side

i
/' -+~ Monte Carlo (At =4000 ps, T boundary. These figures support the general assumption that
6.75 1 |i p=1.0mm", 4,20.00s mm™) | T the influence of a lateral boundary on time-resolved mea-
T ,z' - AW, pxtrapolated boundary”, | 1 surements only becomes highly significant when the distance
7.00 L$ o RWT, ‘zero boundary", I between the source-detector axis and the boundary is less
! d,=0 rmm than about half the total thickness of the slab.
-7.25 J e e
0 10 20 30 40 50 60

IIl. MODEL VALIDATION

A. Monte Carlo model

distance R (mm)

Fic. 4. (Continued)

In principle, Monte CarldgMC) methods are able to simu-
late photon migration for any set of physical circumstances,
and consequently have been employed as a means of validat-
ing other modeling schemes which generally involve simpli-
slabg?23 %{ing assumption_s. The traj(.ac.tories of indiyidual photons are

E ” : . Gslmulated according to statistical rules which govern photon

guation(11) can be expressed as the function obtaine . ithin the medium. The research team at the
for an infinite slab plus an extra corrective term: mtgracu_ons within ' .
University of Florence has, over a period of many years,

" o developed a sophisticated MC model based on scaling

War(x1,0%3,d,T,R)=Wii(X1,0%3,d, T) relationships! Although the computer code makes use of

+ AW, (x;,0%5,d,T,R), (12)  Mie scattering functions, to significantly reduce computation
time and the disk memory requirements, the results reported

where W, (X1,0X3,d, T)=W,(X,1,0), X=(X3,0X3), T here have been obtained by assuming an asymmetry factor
=(d,0,T). equal to zero, corresponding to Raleigh scatterers. Compared

Note that previously it was shown that the complicatedto the appropriately scaled results for nonzgrealues, this
expressions forW(s,r,rg), or in physical coordinates approach produces only a very slight discrepancy near the
W,(x,F,0) can be approximated by a simple Gaussian funcsource or for photons with very short flight times. The Flo-
tion, which considerably simplifies the calculations of con-rence model has been used extensively to study photon mi-
trast and thus significantly reduces the computation involvedration through slab geometries. The ability to simulate a
in solution of the inverse probleff. diverse set of physical properties has been achieved by pre-

effect of the lateral boundary than the “zero boundary” con-
dition (as was previously shown to be the case for the infinit
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Fic. 5. (a)—(f) Curves of the mean flight time near the side boundaryfpe 0.5, and 1.0 mm?, x,=0.0, 0.003, and 0.005 mm, respectivelycomparison
of the RWM estimates with the results of the Monte Carlo simulati@@<ependence of the mean flight time near the side boundary dp,thef the Monte
Carlo simulations fo,=1.0mm %, x,=0.0 mmi'%).

computing the trajectories of many thousands of transmittedistanceR between the source-detector axis and a totally
photons for homogenous media with zero absorption and absorbing side boundary. In practice, intensity and mean
refractive index of unity. Thereafter, the stored trajectoriesime estimates were calculated using all trajectories with
are appropriately weighted according to the distribution Offlight times less than 3200 or 4000 ps fat.=0.5 or 1.0

absorption within the slab, making use of scaling relation-mm—l' respectively. Figures 4 and 5 show a comparison be-
ships. Appropriate weights can also be used to simulate th{?/\/een the MC model results and the predictions of the RWT

behavior O.f scqttermg inhomogeneities. model as expressed by Ed$) and (7), respectively. Each
The University of Florence MC model was employed to .. . . .
figure consists of six sets of curves corresponding to the

derive the temporal distribution of photons transmitted be- i o ) )
tween a source and detector aligned on opposite sides of{gré€ values of the absorption coefficient. The intensity
slab of thicknessT=40mm. The optical properties were CUrves in Figs. @)-4(f) are shown on a logarithmic scale,
wl=0.5or 1.0 mm?, andu,=0., 0.003, or 0.005 mat. A and represent the results of the RWT calculations for the
total of 30,000 trajectories were recorded using a detectorzero” and “extrapolated boundary” conditions z{
which accepts photons over all angles of incidence within &=0.71jug for the considered refraction index of the skab
radius of 2 mm. These data were then used to estimate thel). The MC model intensities were calculated by dividing
intensity and mean photon flight time as a function of thethe number of detected photons by the number of photons
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launched into the medium, and then dividing by the area of
the detector.

In accordance with the scaling relationships E8), to
compare the intensity found from MGn mm 2?ps %) and
corresponding probability estimated from RWT, we should
multiply the latter by the dimensional factdt=(c/us)
X(V2/ul)?=2c(ul)® (in fact, we take into account both
the effective are& of the RWT “detector,” which is equal
to the area of the lattice unﬁz(\/ﬁl,ug)2 and the relation
between the step of the photon random walk and tifhe
=(cue) ™.

Figures 4a)—4(f) demonstrate that a very good agreement
is obtained between the RWT curve for the “extrapolated
boundary” condition and the Monte Carlo results. Accuracy
of the RWT model proved to be better than 3%. The “zero
boundary” condition gives qualitatively correct but less ac-
curate resultdespecially, as can be expected, for smaller
valuesu. which correspond to larget,).

The RWT results in Figs. 8)-5(f) show the predicted
variation in mean flight timét) as the source-detector axis
approaches the side boundary for a similar range of flight-
time maxima. It is compared with the MC model. In all
cases, accuracy of the RWT for the “extrapolated bound-
ary” condition is again not worse than 3%.

It is worth noting that RWT formulas can be used to cal-
culate in advance the maximum measured flight time suffi-
cient to provide an accurate estimate of the mean. For ex-
ample, in the case gf;=0, the At,,, of 4000 ps selected
for the Monte Carlo model in the case pf,=1.0mni !
proved to be insufficient, and a value &f,,,, of 10000 ps
would have been more appropriate. The dependence of esti-
mated(t) values on the\t,,,, is illustrated by Fig. &g).

B. Experimental results

To explore the validity of the RWT model further, an
experimental study was performed of the influence of lateral
boundaries on time-resolved transmitted imensity measure-
ments across a homogenous tissue-like slab. The experi-
ments were performed at University College London using a
system based on a Ti:sapphire laser and a streak camera. A
solid homogenous slab was cast from a suspension of tita-
nium dioxide particles and a NIR dye in epoxy resin, accord-
ing to a recipe developed by Firbank and Deffyrhe pre-
dicted optical properties of the slab at a wavelength of 800
nm wereu.=1.0mnm ! and u,=0.01mm *, and a refrac-
tive index of 1.56. The thickness of the slab was 35 mm, and
the lengths along the other two dimensions were both 106
mm. Pulses from the laser were delivered to the surface of
the slab via an optical fiber, with a mean power of about 400
mW at a wavelength of 800 nm. The transmitted signal was
then relayed to the streak camera via a fiber bundle aligned
precisely with the source fiber across the 35 mm thickness of
the slab. The source-detector axis was initially aligned along
the center of one side, 53 mm from the top and bottom sur-
faces of the slab. The temporal distribution of transmitted
light, known as the temporal point spread functi@®PSH,
was then acquired by recording the transmitted signal over a
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. ] ) ze=(\/§/,ug)%1.4 mm. This value of, (equal to an addi-
5 s period. The axis was then translated in 1 mm steps tQjonal lattice unij is almost two times smaller than the esti-
wards the center of the slab, in a direction parallel to the topnated value found directly from the refraction index mis-
and bottom surfaces. Data were recorded for a total translgnatch between the stab and the?&ff z,=(2.71/ul),

tion of 50 mm. The instrumentation and the data acquisitionngjcating the reduction in effective reflectivity of the lateral
process are described in greater detail elsewhet&ollow- boundary from expecteR~0.6 to Rsr~0.33 due, possi-
ing a routine series of calibratiods,the recorded TPSFs bly, to the decreased index mismatch between the phantom
were used to calculate the relative intensity and mean fligh§ face and its black cover.
time of the transmitted light. To confirm the optical proper-
ties of the slab, the TPSFs recorded at points furthest from
the boundary were compared with a RWT model of the time! V- SUMMARY AND DISCUSSION
resolved transmittanc€, which yielded values of ug When a measurement is made of the optical signal trans-
=1.0mm * and u,=0.009 mm 1. mitted between two points on the surface of a highly scatter-
To substantially reduce the influence of the finite temporaing medium such as tissue, it is dependent on more than
window of the streak camera, least-squares fits of a&imply the optical properties along the line of sight. The
diffusion-based analytical model were made to each recordegeometry and properties of the surrounding volume will in-
TPSF, which were then used to estimate intensity and mesiftuence all but the photons with the shortest possible flight-
flight time?! Although the model for a homogeneous slabtimes. Geometrical effects have been shown to be a signifi-
medium did not account for the presence of lateral boundeant problem in the generation and interpretation of
aries, by including arbitrary amplitude and temporal offsettransillumination images. Recently, Fantitial3! have ex-
terms in the fitting process, very good quality fits wereplored a method to correct for the proximity of lateral bound-
achieved??® Because streak cameras are not suitable foaries in frequency-resolved transmittance measurements of
measuring absolute intensities, the data have been normdhe breast. A high degree of correction to AC modulation
ized to unity at the point furthest from the boundary. measurements was achieved usagosterioriinformation
Figure 6 shows the estimates of intensity compared to theerived from the simultaneous measurement of phase delay.
predictions of the RWT model with negative image source Fast and efficient solution of the inverse problem in opti-
(the lateral boundary is not perfectly reflectingn fact, in  cal tomography would benefit from the application of a for-
the experimental setup the surface reflectance of this boundvard model that is expressible analytically. In this respect
ary has been further reduced by a black absorbing coveRWT is a powerful and versatile techniqgue. RWT models
Figure 7 shows the experimental estimates of mean flighhave been developed for increasingly sophisticated geom-
time compared with the RWT model. Both assumptions conetries and internal distributions of optical properties. A
cerning boundary conditions at the lateral surface of the slaimethod has been demonstrated here of modifying a random
(“zero boundary” and “extrapolated boundaryivere con-  walk model to take account of the influence of lateral bound-
sidered. Although agreement between the data and the RWdries on the time-resolved signal through a uniform slab. The
model with “zero boundary” condition is qualitatively good, predictions of the model have been shown to be in very good
the fit become better for the “extrapolated boundary” with agreement with those of a Monte Carlo model, and with
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